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Article by T. M. Sokolova, I. B, Tazulakhova, S. S. Grigoryan znd F. I.
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..+ A study was carried out of the effect of low ionic strength o~ the
reproduction of Venezuelan equine =ncephalomyelitis [VEE] virus. Data
. obtained showed that low ionic strength inhibits in reverse che process
of virus release from the cell at all stages of virus reproduction. An

examination was carried out uf the kinetics of the virus escape from cells

2 .

2 with a change of ionic strength and the possibility of employing low ionic
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straugth to accumulate intracellular virus in large quantities, It was
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establishad that under hypotonic conditions synthesis of vifal RNA and
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prot2ins in an infected cell occurs at a normal rate. An a2nalysis was
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carried out of viral structures formed in cells in a normal and hypotonic

»

state, 1. was shown that with low ionic strength in a logarithmic period

-
1Dy

viral riconucleoproteins formed and accumulated in the cells which were
prodb.oly bound with membranes slower than under normal conditions. Data
is presented showing that at the coaclusion of the viral cycle ia 2 hypo-

tonic medium intermediate virus forms accumulate o1 th~ meznbranes and
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zpparently virions with proper sedimentation constants aré formed which
undsr these conditions can be precipitated on the cell surface.

The process of releasing arboviruses from cells depoends onr a number
of medium factors among which ionic strength plays an important rola (5,
18, 11). Thz nzchaaism of thz action of low concentrations of salts on
reproduction of viruses is still unclear. According to some iﬁvestigators
(5, 10, 12) a changé occurs here in the physico-chemical composition of
the mambranes which in turn leads to a disturbance in the final stages
of virus maturation. Proceeding from this it should be expected that in
the instances where virus formation occurs on cell memb:anes the low ionic
strength would normally lead to a decrease in virus release. Such a2 situa-
tioa has been noted in two studied arboviruces (6, 13) and a microvirus
(5).

Praviously it was shown by us {4), using electron microscopy, that
the formation of nucleoides of VEE virus occurs near vacuoles formad in
the cytoplasm of infected cells ard the formation of supercapsides as a
rasult of the nucleoide gemmation on the walls of gytoplasmic membranes.

The problem posed for this study included an investigation of the
:nfluasnce of low ionic strength on the reproduction of VEE virus. In
the formulation of the experiments described below we proceeded from the
thesis that although in a state of low ionic strength we did not obsarve
the release of virus intn the medium there nevertheless is formation in
the cells of nucleoide: with prover sedimentation constants, Thus,.it is
possible with the use of this methodology to accumulate structures in the

cells and to separate the processes of the formation of virions and their
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rzleasa into the mediwa. The purpose of the present study lay in the ex-
perineisval variiication of these theses.

Materizls and Methods. Basic method for formulating the virological

experir:ats,
Hathodelogy for establishiog the radioactivity in tissue culture,
The bzasic method of cultivating the virus in penicillia flasks has
been described pr=viously. The number of virus infections amounted to

. 10-30 BCE/cell. For purposes of a hypotonic medium to cultivate the virus
we employad madium 159 diluted 2-1 with bidistilled water. The medium
with 2 normal ionic strength was preparad using a hypotonic medium and
2 5 M solution of NaCl, The infectious virus titre was found by the method
of an agar patch cover,

In order to detect radioactivity in the tissue culture we employed
a method, developad by us, permitting us .o combine the bzsic method
of setting up the virological and biochamical experiments with radioisotope
technology. The cells were cultivated at the bottom of thc flasks for
tha rzdioactivity scintillation count, were infected with the virus and
tagged precursors --— H3 uridine and Cla aminoacid to a concentration of
5 nxKi/ml. At various stages of the infection the culture fluid was poured
off in order to determine the virus titre infectiousness. The cells were
washad 3 times with a chilled physiological solution then fixed with a
5 % solution of trichloracetic acid for 15 minutes (while solubilization
of rhe acid solving tracer was taking place) and then washed twice more
for 3 miruates in trichloracetic acid. Then the mono-layer was treatad for

5 =inutes in a erher-alcohol mixture (1-1) to remove lipids. The flasks

-3 -
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were was' 1 separately in alcohul and ether to remove radioactive con~-

taminants on the flask walls, they were dried and filled with 1 ml of

toluene scintillator formulated accotrding to the standard prescription.

-

Sanples were counted using the Pacliurd-Tricarb Counter., The count spread

in pavallal specimens did not exceed 10 %,

Secretion of Viral Structures Form the Cells.

Two hours prior to infection the 2-3 day old culture of chick

S v e b —— A T A2

fibroblasts was treated with actianomycin P in a 2 mkg/ml concentration .
at 370, then the cells were infected with the virus, 10-20 BOE/cell., Fol- ;
lowingz contect with the virus for 1 hour at room temperature the mono-

layer was washad off with the Hanks saline solution and the mats were

filled with medium 199 at low and normal ionic streagch prepared as

previously described and contaiuing 5 mkKi/ml of H3 uridine, Incubation .

of infected cultures with the tagged precurscr was cariied ocut at 37°

.

for 35 and 12 hours. Then the medium was poured off, @ cells were washed

clz2an of the meGium using a hypotonic snlution, NaCL and removed with
trypsin prerared with a hypotonic solution., In cases of viral multi-
plication in the medium with normal ionic strength the cells woxr washad
and tvewoved with a physiological solution of NaCl. The cells were pre-
cipitztad at 1500 rpm for 10-}5 minutes, washed of trypsin and suspended
in 2-3 nml of buffer D (type RSB: 10 ¥ tris, 1mM KC1 and 0.1 mM of HgClz).
After this the cells were swollen in a buffer at 0° for 10-15 mi:uc~s #nd
disin:zgrated in a homogenizer, The nuclei were precipitated for 10

uzzs at 1500 rpm and the unprecipitatad iiluid was sabjected to frac-

i3
D
=1

tionation at 10,000 g fo~ 13-20 minutes. The preciepitate and ine

-y -




o S TRTERTTICOW FECRVITR "I E
)

mm SRR TN §
ssion Attt .-»QM'%« mﬁ},ﬁ’;ﬁ .;ewﬁ,u; ER \‘ 4 $eTh Py g B ;.«anwyﬁ mjﬁwwm\}w ESVRED

unprecipitated fluid were used for an analysis in the gradients. The

material was kept in liquid nitrogen at - 1800.

Analysis of Structures in a Linear Saccharose Density Gradient

We prepared a linear saccharose density gradient of 15~40 Z iun
buffer D (20 ml). We placed 1-2 ml of the material om the gradient while
in some of the experiments the material prior to being placed on the
gradient was treated with 10 mM of EDTA (ethylenediaminetetraacetic acid
sodium salt). Centrifugation was carried out in a bucket rotor 3x25 ml
at 25,000 rpm for 2.5-3 hours in a Superspeed-65 (MSF) ultracentrifuge.
The gradient was scoopad up from the bottom of the test tube by the method
of sgueezing 16-32 drop; on the LKB sampler with a recording device at
258 nm. In order to calculate the dispersion of radioactivity in the
gradiant we selected 5 mkl samples fi.om the fractions and placed them on
disks of No 4 chromatographic paper (cngland). After drying the disks
wer2 washed 3-4 times in a 5 % solution of trichloracetic acid and then

n z2lcohol and ether, The dry disks ware placed in flasks with toluolene
scintillator and radiozctivity was determined using the Packard-Tricarb
Countar,

Rasults

Aovion of Tonic Strength on Viral Release firom the Cell,

In series 1 of the experiments we studied the release of the in-
fectious virus in a hypotonic medium at various stages of the multiplica-
tion cycla. The experiments were formutiated under conditions of a single-
cycle viral infection which as had been praviously pointed out (2)

comprisad for the vir:s VEYW 6-8 hrs. The experiment was formulated as

-5 -
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follows: the infected cells were initially iafected in a medium with normal
ionic streng:th and subsaquently at various stages of the infection (1,
3, aad 5 hrs) che medium was repiaced with a hypotonic. After 2 hours

2 reverse chang2 of the medium was carriad out using the isotonic and we

obgerved ths v

gt

rzl production for another 2 hrs. The rasults of th=
eriment are presaented in Fig, la. As can be seen the replacement of
the normal medium for the hypotonic led throughout the investigation,
following the infection, to an expressed inhibited production of the
infectious virus. The phnenomenon of submerging the appearance of the

virus of low ionic strength was reversible. During the replacement of .

the hypotonic medium with the isotonic there took place the restoration

XS

%, 3

of thz infectious virus titre which soon nearly approachad the control

ralues.,
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Figure 1, EFFECT OF LOW IONIC STRENGTH ON VIRUS RELEASE

Dotted line-isotonic medium; Solid line-hypotonic medium; arrows
pointed to the nature of the change of the medium; downward-change
of the isotonic medium to the hypotonic; up, the reverse; a) sub-
stiturion of tue isotonic medium for the hypotonic was carried
out 1, 3 and 5 hours after infection, following this the cells
were incubated in a hypotonic medium for 2 hours and then a
reverse substitution of the medium took place; b) cells were in-
cubated immediately following infection in a hypotonic medium

for 1, 3, 5 and 8 hours and then the ionic strength was brought
up to normal at designated periods with the addition of NaCil,
Infectious titre of the virus iu the medium were identified im-
madiately following the addition of salt and after 1 and 2 hours;
c) the infected cells were incubated in a hypotonic medium
immediately following infection for 5, 7, 18 and 24 hours;

d) the kinetics of the rate of virus releasz from the cells during
the change of the hypotonic medium for tlie isotonic corres-
pcndingly after 5, 7, 18 and 24 hours following infection

(lines 1-4 respectively); dots in the drawings represant the
infectious titre found after the time shown on the abscissa and
following infection (a-c) or after the medium chaage (g).

Key: 1. Hours, 2. Minutas, 3. Lg BOE/ml.
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In subsequent experiments, of this series the cells immediately

infection were incubated in a hypotonic medium and after 1, 3, 5

4
:( T T

)
O
e,
(%4
W
(2]

zad 8 hrs the ionic strength was brought up to the notrmmal with the

LSRR

NS

at

[
59
£

3

addition of 3 M NaCl, The infected titres of the virus in the medium were
cziculzead irmadiately following the addition of salt and after 1 and 2
hrs. The rasults obtained are presented in Figure 1lb., As can be seen

a and b the presence and the addition of the hypotonic medium .

b=t

in Figures

[«

uring che course of the latent period and in the initial and final

as of the logarithmic period did not disturb the subsequent stages of

o
purt
[T\
w

the formation of the virus. Incubatioa of the infected cells under
hypotenic conditions during the entire reproduction cycle barely reduced
th2 infectious titre of the virus released from the cells with the
normalization of the ionic strength in comparison with control. Sup-
prassion end restoration of the viral product with changes in ionic
streagth occurred very rapidly which is very characteristic of processes
for releasing the virus from the cells. Five minutes after medium
replzcemant and by the 8th hour ol ithe infeciion the cells released a
quzntity of the virus which undar normal condirions is syzthesized during
tha corsz2 of the entire legarithmic period. DMoreover, the greatest
rez:toration 2ifect was observed during a change in the ionic strength in
the iogarithmic periocd i. e. when under normal conditions a rapid release
of thaz WBasic nass of the mature virus from the cells takes place.

The tzsults described coincide with data of other authors (5, 6,

16-12) who nad studied the release of the virus under hypotonic coanditions

an? confirn the theses that the action of low iounjc strength is linked

1
Q
I
o
1Y
-

atter stages of the formation of the virus.,
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In & special series of experiments we studied the kinetics of the
rate of release of the virus from the cells following a change of the
hypotoaic medium to an isotonic after 5, 7, 18 and 24 hrs following in-
fection (Figure 1d). One minute after the replacement of the medium the
cells released a significant quantity of the infected virus and this
procass continued at an accelerated pace for 1 hour after which the Tace
became normal. The greatest rate of viral release from the cells was
obserred after 5 and 7 hrs,

In another series of experiments we attempted to explain the
duration of the action of suppresion of low ionic strength of the virus
release into the medium and to calculate the possibility of usiung this
ph2nomenon in order to obtain intracellular virus in large quantities.
For this purpose the infected cells were incubated in a hypotonic medium
for 5, 7, 18 and 24 hrs. Figure 1d shows that only by the 18th hour did
we obsarve an insignificant release of the virus into the medium; this
apparaantly is the result of the dzath and destruction of a portion of the
infected cells., Therefore it is in reality possible with the help of low
ionic strength to prevent the release of tha virus from the cell for a
prolonged period of time and to obtain a large quantity of the intra-
cellular virus,

Synthesis o Viral KNA and Protein under Couditions of Low Ionic

Strength
In order to obtain additionai data on the machanism of action of
the Iow ionic strength on the reproductive stages of one vitus and to

clarify the stages of inhibition we studied the rate and scopz2 of the
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inclusion of tagged precursors in viral RNA and proteln in a hypotonic

and normal medium. During various phases of the infection (1, 3 and

5 hrs) we introduced into the Zncubation medium, for a 2 hour period,

R Y

tagged precursors of RNA syathesis and protein. We determined the in-

1,
1+

[2)

feccious titre of the vitus in vhe culture medium and radioaccivity

_the specially treated mono-layer of cells. Figures 22 and b show the

curves for thz inclusion of tagged precursors in viral macromolecules .

uader coanditions of the suppression of the synthesis of cellular RNA by N

rora than 99 %, The synthesis of viral RNA and protein in an infected cell

SE

¥
1

s
Y‘“nﬁ.&g_f»

2

.

in 2 hypotonic madium in.comparison with the normal was not inhibited,

£

5 11’1;3?

.:?,\'\".
A

the rate and scope of the inclusion of tagged precursors uader hypotonic

conditions was even somewnat higher., The nature of the curves in both in-

£

X
;’.zt‘ﬂ
4

7

Ay

szances coincided, syuthesis of viral R¥A increased lineariy up to 7 hours .
whils protein synthesis attained its maximum by the third hour and then
began co decrease. Under conditions of the absence of the suppresion of
the syathesis of cellular RNA (without actinomycin) the inclusion of tagged
precursors it. a hypotonic medium was somewhat lower than in the isotonic.
This probably reflects the suppresion of the cellular synthesis proper
in thz medium with a lowered salt couceatration (Figures 2 ¢ and d). These
findings confirm the results of other authors (12) who along with this
have showrn that the process of releasing the virus from the cells does
not raquire protein syathesis de novo and energy,

These results show that the phenomznon uf the suppresion of viral
reproduction uader hypotonic conditions apparently is not linked with pro-
casses of the transcription and translation of viral macromolacules and

is ooservad at much later stages of virus multiplication,

- 10 - ‘
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Figure 2. RNA AND PROTEIN SYNTHESIS UNDER CONDITIONS OF

LOW IONIC STRENGTH

The dotted line with the clear circles represeﬁts the inclusion
of tagged precursors in the isotonic medium in iifected cells and
the dotted line with the black circles represents the inclusion

of the tagged precursors in the isotonic medium in non-infected

cells.

The solid line with the clear circles represents the

jinclusion of tagged precursors in a hypotonic medium in infacted

cells ard the solid line with the black circles represents the

inclusion of tagged precursors in 2 hypotonic madium in non-infected

cells; a) inclusion of H3 uridine in virus and cell RNA yith

actinomycin; c¢) the same without actinomycin D; b) inclusion of
14 . . . - . s 1 .

C~ " aminoacids in the protein of infected and non-infected cells

with actinomycin 93 d) the same without actinomycin D; abscissa

represents the length of the analysis (hours following infection).

-4
Key: 1. Hours; 2. H3-Cla~radioactivity (imp/min x lo Y.

- 11 -
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Vitus Specific Structures Formed in Cells at Low Ionic Strength, ’

The goal of subsequent research was a study ¢f the effect of low
ionic strength on processes of the formation and accumulation of viral
structures in the infected cells, The jniected culturss were incubated
in » hypotonic medium for 5 and .z hours., Then fractions were obtainad
from the cells as described in the section on Materials and Methods, These
ware aznalyzed ian linear saccharose density gradiencs. Figurs 3 shous the
profiles of the radioactivity of structures from the fraction obtained
oy precipitation of the cellular homogenate at 10,000 g. As we had
assumed, at low ionic strengtli an accumulation of structures took place
in the infected cells which sadimented iu the gradieni at the rate of in-
conplete forms of the virus or nucleoproteids linked with meabranes of
the cells and contained virus specific RN¥A., As can be seen from Figure 3,
th2 structures formed by the fifth hour of infection under normal condi-
tions showed in the gradient a homogenecous distribution and under
hypotonic conditions sedimanted in the form of 2 types of structures 180 &
and 210 S, It had been shown: previously that constants of viral sedimen-
tation and of viron ribonuc;eoproteid are equal correspondingly to 260 S
and 140 S, Apparently, at low ionic strength there was partial destruc-
tion or retardation in the procorss of viral morphogenesis or interaction

f the structures and membranes, By the 12th hour of the infection iun

©

2 hypotonic medium radicactivity in the zone of the sedimentation of
vitzl structuras approximately doubled in comparison with normal conditioas
while infection increaszd tenfold (form 5 1g to 6 1g BOE/ml). YMoreover,

the srnructures formed in the hypotonic conditions sedineated in the

grzdient at a groater rate than in th2 normal medium.

- 12 -
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Fizure 3. FORMATION OF VIRUS STRUCTURES IN CELLS IN NORMAL
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AND HYPOTONIC MEDIUNM

We analyzed structures obtained by precipitation ol cell

homogenate at 10,000 g for 15-20 minutes in a saccharose density
gradient of 15-40 % (1 ml base of 60 7 saccharos<) at 25,000 Tpm
for 2.5-3 hours in a bucket rotor 3 x 20 ml in a Superspeed-65 (MSE)
caantrifuge. The arrow points to the position of the marker

(virion ribonucleoproteid). a) Cultivated in 2 isotonic medium;

b) cultivated in a hypotonic medium 5 hours atter infection;

c) in a isotonic madium; d) 3n a hypotonic medium 12 hours after
infection.

Key: 1. H3 radioactivity (imp/min); 2. uo of fractious.
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As z resultof the processing of the VEE structures (Figure 4)

with EDTA their sedimentation constancs did not decrea~e. Inasmuch as
the virions and ribouucleoproteids are insensitive to this type of treat-
ne2at there probably took nplace a dissociation of the structures from the
cyroplesmatic rembranas. Results of the alectron microscopa stulies of
che processes of the formation of the virus in the infected celi (4)
chowad that in these processes roles are played by the cytoplasmatic vacu-
oles and membranes which carried the viral nucleoides. A comparison of
the position of the structures in the gradient with the cedimentation
of the vifion ribonuclzoproteid secreted from the virus by noa-ion
d2tergenrs and of the purilied virus made it possible to assume that by
th2 5th tour of the infection viral ribonucleproteids separated from the
jeembranes and by the 12 heur more complete forms of the virus also
separated, At the same time under hypotonic conditions by the 12th hour
of the infaction various structures coustant in sedimentation were linked
wizh the membranes and appavently represented various stages in tha mor-
phogenasis of the virus.

Thus, &n analysis of the structures formed in tha infected cells
under hyporonic conditions showad that the process of interacticn of viral
auclaoprotaids with cell membranes in the logarithmic period of the viral

cycle is [raguently disturbesi or what is more likely retarded. By the

]
(2%

th hour of infeaction the cellular membrane accumulates a number of inter-

g
2

e
A
¥

2

et
W

forms of the virus .uad there are evaen foimed virions complate in

1.
[

[t
)

adimentation constant; however, their release into the medium undar

e

thizsa conditions is not observed,
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Figure &4, EFFECT OF EDTA OX VIRUS STRUCTURES

Pracipitant after centrifugation of the cell homogenate at

10,000 g was treated with 0.01 M EDTA for 5 minutes. at 0°.

The conditions for the analysis of the structures and the remain-

ing desigaations are the same as for Figure 3.

It is of interest to note tha: during an aualysis of the

structures formed under the hypotonic cenditions the fraction of the
supernatant following centrifugation at 10,000 g ¢id not show structuras

a 2 sadimeatation constaut of 60-80 S zlthough e observed a significant
incr22s2 in the radioactivity above the gradient. Similer srructures were
obsatved and dascribed in infectad cells aad acceréing to a number of
authoTs may repraesent complexes of viral RNA with 2 small vibosomal subunit

(95 or viral specific informosome (1).
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As we know, 2 gradual 1liberation of hereditary virions iato the

medium as they mature is normal for arboviruses (8). At the same rime

o
Ny
P

the Telease of nature virions from the cell amounts to a total of 20 sec

oS

e
SR

{7) therefore cduring titration we pormally cbserva che pradominzncsz ¢f

the intracellular virus cver tha intercellular, However, as our ic-

e B3

R
ES!
W23

vestigations showed the process of the release of the virus from the cells

2

is determined to a significant degree by the ionic strength and uader the
conditions of low ionic strength of the medium we observe a reverse situa-
tiou with the predominance of the intercellular virus over the iatra-
cellular., Therafore only under normal conditions is it possible to judge
the dynamics of the formation of the virus in the cells according to the
concentration of the culture fluid. Our data show that under hypotonic
conditions basic stages of the formation of the virus take place; hovever,
the release into the medium of infectious virions is inhibited.

A comparison of the resiults obtained by us with data of other
javestigators (5, 6, 10, 11) permi.s us to draw certain conclusions re-
garding the mechanism of the effect of low ionic strength on the reproduc-
tion of viruses. Above all the results ol the virological studies show
that the effect of low ionic strength is manifested at the latter stages
of viral teproduction. This conclusion also proczcds from data on the study
of the rate of synthesis of viral RNA and proteins of an infacted cell
und=r hypotonic conditions. Although the inclusion of tapged precursors
into the viral macromolecules caanot as yet be considered as absolute proof

of their synthesis according to available data (10, 12), the RNA formed
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under these conditions is infectious, sediments i. the caccharose density
gradient at a aormal rate and is included in the composition of viral
ribonucleoproteids. The latter, as shown previousiy in this work, ac-
cumulate in the cells at low ionic strength by the 5th hour of infection.
Moreover, apparently there is a slowdown in the prona2ss of interaction
arong the nucleoproteids and the cytoplasmatic mendranezs. Probably on

the basis of this process there is the phenomenon of physicochemical
nature depending on ionic interaction between protzins of the nucleoproteids
and cell membranes. The data obtainad by us . hat by the 17th hour of in-
fection the viral structures in a hypotoric medium linked with the
membranes sedir.ent in the saccharose density gradisat at a greater rate
than structures formad in an isotonic medium may b2 explained in the first
place by an accumulation of scructures on the mendranes and in the second
place by the formation of intermedieata forms of the virus which are
heavier according to the counstant of sedimentation which under these con-
ditious probably precipitate on the surface of the cell and can be rapidly
released inio the medium at a greatar ionic streng:h. The electronmicro-
scopic investigation oi this phenonenon conducted in earlier studies

(6, 13) confirms the data obtainad by us as well zs the explanation.
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